study on the nonlinear analysis of EEG by 游荣义
 
学校编码：10384              分类号      密级      
学    号：B200024005          UDC                        
 
 





Study on the Nonlinear Analysis of EEG 
 
                       游  荣  义 
 
 
指导老师姓名：  吴 伯 僖 教 授 
徐 慎 初 教 授 
陈    忠 教 授 
申请学位级别：  博          士 
专 业 名  称：  凝 聚 态 物 理 
论文提交时间：  2 0 0 3年 11月 
论文答辩时间：  2 0 0 3年 12月 
学位授予单位：  厦  门  大  学 
学位授予日期：  2 0 0 3年   月 
 
 
                答辩委员会主席：          
































究      
游
荣





























   











                声明人（签名）： 
















Study on the Nonlinear Analysis of EEG 
 
 









                    By:  You Rongyi 
 
Supervisors:     Professor  Wu Bo-xi 
               Professor  Xu Shen-chu 











             Department of Physics, Xiamen University 
                The People’s Republic of China 













                                     摘    要                                      I   
     































   














II                                        Abstract 
 
 
                         Abstract 
 
 
We investigated the nonlinear features of EEG in a relatively all-sided 
way by using current analysis methods such as nonlinear dynamics, wavelet 
transform, neural network and chaos theory respectively. These new methods 
are now become more concerned in the area of nonlinear signal analysis, and 
have a wide application prospect and potential advantage with the development 
of information science and computation technology. The main contribution of 
this thesis include: 1) Based on the wavelet transform, we calculated the 
Lipschitz exponents of EEG of 150 subjects, which characterize the singularity 
of EEG, and concluded that the Lipschitz exponents of epileptic EEG is larger 
than the one of normal EEG. We also obtained the spectra of the Lipschitz 
exponent both normal EEG and epileptic EEG.  2) By using higher-order 
singular specturm analysis (HSSA) for the analysis of EEG, which is based on 
the higher-order statistics, hence, the deficiency that the second-order singular 
spectrum cann’t characterize the nonlinearity of EEG is overcome effectively. 
Furthermore, we made the higher-order sepctrum of EEG by using wavelet 
transform techniques for multi-scale signal decomposition and reconstruction. 
The results show that the method proposed herein is better. 3) After verifying 
the fact that there are crosstalks exist among multi-channel EEGs by principle 
component analysis, we used ICA (Independent Component Analysis) 
technique for blind source separation (BSS) of EEG. To resolve the problem 
that ICA cann’t separate noise from signal, we also combined the ICA with 
wavelet transform for BSS of EEG. Moreover, in order to improve the 
robustness of algorithm, a two-stage neural network was constructed and the 
algorithm of ICA was improved. 4) Proposed two new concepts, called state 
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the covariance matrix of relative distance. In addition, we calculated the 
approximate entropy(ApEn) and information entropy of EEG  based on the 
relative distance in phasespace. 5) We explained the physical essence of 
wavelet transfrom from the viewpoint of phase reconstruction, i.e. the wavelet  
transform of chaotic time series is essentially a projection of strange attractor 
on the axis of  the wavelet space that filter vectors open, which in 
correspondance with the method of phasespace reconstruction proposed by 
Packard and his Co-workers. Additionally, the vector equation of time-delay 
space was derived from wavelet space. 6) The architecture of two-stage 
Kohonen network and wavelet network were designed, which can be used for 
classifying EEG, and the corresponding algorithm was described in detail. 
    
Besides those mentioned above, other valuable work include: 1) A 
viewpoint was proposed that scale-invariant range of phasespace of EEG will 
be moved as the increase of the embedding dimension. 2) A physical 
explanation  for both the aliasing and the “Independent Source” of EEG were 
given. 3) In order to seek a new approach to finding the common ground of 
phase trajectory of chaotic attractor between two spaces, the concept of phase 
space rotation between time-delay space and wavelet space was presented. 4) It 
was concluded that the low-dimension chaos in EEG isn’t found in our works. 
All computation work in this thesis are made under Matlab. 
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2                          游荣义：  脑电信号非线性分析方法的研究 
人脑神经细胞数量的最佳估计约为几千亿（ 10 1 1 ~ 10 1 2 ）个，有约 






















































1.1  现代谱分析方法 
 












1.1.1  参数模型谱估计方法 
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的优越性。 








1.1.1.2  自适应卡尔曼滤波技术的应用 
 
卡尔曼滤波技术在雷达信号处理和导航卫星系统中一直得到了应用，








1.1.2  双谱分析 
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1.2  非线性动力学方法的研究 
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